Real-time activity measurements of genetically identified neuroendocrine vasopressin neurons show they can anticipate osmotic challenges. In this issue of Neuron, Mandelblat-Cerf et al. (2017) show that correlating these results with ongoing behavior and plasma osmolality points to the existence of brain networks that integrate exterosensory cues with interosensory signals to drive neuroendocrine output.
Oxytocin and vasopressin hold historically prominent positions in neuroendocrinology, and they remain a major focus for investigation (Watts, 2011) . Both are synthesized by magnocellular neuroendocrine neurons in the paraventricular (PVH) and the supraoptic (SO) nuclei and are released directly into the general circulation from terminals in the neural lobe of the pituitary gland. They target smooth muscle either in the vascular system (vasopressin) or in the uterus and myoepithelial cells in mammary glands (oxytocin). Vasopressin also acts on the kidney to retain water, and its increased secretion is a key component for counteracting the cellular dehydration that can follow increased ingestion of osmolytes (primarily sodium) in food and drink.
A remarkable property of vasopressin neurons in dehydrated animals that subsequently drink water is that they decrease their activity before there are measureable changes in osmolality. This rapid fall in vasopressin release is conceptually similar to anticipatory cephalic phase autonomic responses. As opposed to reflex (or reactive) processes that follow changes in the target event, anticipatory endocrine responses precede the target event for the hormone. A particularly well-known example is the cephalic phase insulin secretion that occurs after eating a sweet-tasting food but before there is any increase in blood glucose resulting from nutrient absorption (Teff, 2011) .
The underlying mechanisms that drive these anticipatory or reactive events are distinct and involve efferent networks which then engage the appropriate motor neurons. Determining the principal components of these anticipatory or reactive mechanisms requires carefully monitoring the temporal relationship between the kinetics of the stimulus and the firing patterns of the motor neurons that control the response. For neuroendocrine neurons, this means measuring changes in their activity with the same temporal resolution as the changes in stimulus kinetics, whether that is an appropriate physiological variable or an external sensory cue. Up until now this has been very difficult to achieve.
Electrophysiological recording techniques are the gold standard for tracking neuronal responses and have many advantages for obtaining real-time measures of neuronal activity. But their value is constrained by the ability to identify the precise nature and location of the targeted neurons. This can be reasonably straightforward for neurons in the cerebral cortex or hippocampus, each of which have highly ordered and layered organizations. But it is a much greater problem for many hypothalamic neuroendocrine neurons because of their location in small heterogeneously structured cell groups deep inside the brain. This has made it very difficult to record from pre-identified neuroendocrine neurons in awakebehaving animals.
The fact that magnocellular neurons project directly to the neural lobe of the pituitary made their identification somewhat easier than other neuroendocrine neurons because they can be identified antidromically by electrically stimulating the infundibular stalk or the neural lobe. This technique was introduced almost 50 years ago and made magnocellular neuroendocrine neurons both accessible and identifiable. It enabled a cluster of pioneering neuroendocrine electrophysiological experiments (e.g., Dyball and Koizumi, 1969; Lincoln and Wakerley, 1974) . However, the nature of these preparations still limited experiments to those investigating end points that survived anesthesia (Lincoln and Wakerley, 1974) .
In a paper published in this issue of Neuron, Yael Mandelblat-Cerf and her colleagues at the Beth Israel Deaconess Medical Center at Harvard Medical School have now overcome the identity problem for neuroendocrine vasopressin neurons in awake-behaving mice (Mandelblat-Cerf et al., 2017) . To do this, they use Cre recombinase under the control of the vasopressin gene to express either channelrhodopsin-2 (ChR2) or the calcium sensor GCaMP6s specifically in SO or PVH vasopressin neurons (VPpp). This has permitted two types of measurements specifically from these neurons. First, they use light to control the firing rate of the vasopressin neurons, thereby identifying them on demand. Because the optic fiber use to deliver the light into the SO and PVH is physically attached to a recording tetrode (an ''optetrode''), extracellular recordings can be made from identified vasopressin neurons in conscious animals. This technique might be considered the optogenetic equivalent of the original antidromic stimulation identification method. Second, using vasopressin gene-dependent expression of GCaMP6s, the authors were able to measure real-time calcium fluxes using fiber photometry exclusively in vasopressin
